Abstract We report an efficient somatic embryogenesis and plant regeneration system using leaf cultures of Citrullus colocynthis (L.) and assessed the effect of plant growth regulators on the regeneration process. Initially leaf explants were cultured on Murashige and Skoog medium supplemented with different concentrations of auxins viz., 2,4-dichlorophenoxyacetic acid, 1-naphthaleneacetic acid, gibberellic acid alone and along with combination of 6-benzylaminopurine. The different forms of calli such as compact, white friable, creamy friable, brownish nodular, green globular and green calli were induced from the leaf explants on MS medium containing different concentrations of auxins and gibberellins. Subsequently initial callus was subcultured at 1.5 mg L -1 BAP ? 1.0 mg L -1 2,4-D which resulted in 25 % somatic embryos from 85 % nodular embryogenic nodular callus that is highest percentage. Similarly the lowest percentage of somatic embryos was recorded at 2.5 mg
Introduction
Citrullus colocynthis (L.) Schrad is a highly drought-tolerant annual plant and is widely grown in Asia, especially East Asian countries. It is widely used in Folk medicine and Ayurvedic medicine system. The white flesh character is associated with bitterness (Novot et al. 1990) , which is caused by high concentration of a substance called Cucurbitacin E, which shows potential antitumor activities (Herrington et al. 1996) .
In natural life cycle conditions the seed germination of Citrullus colocynthis is very poor. Biotechnological applications such as micropropagation and somatic embryogenesis provide a number of potential advantages for propagation of rare and important medicinal plants (Thiruvengadam et al. 2013) . Several investigations have focused on the effect of PGRs for the induction of somatic embryogenesis from several species of the Cucurbitaceae.
Somatic embryogenesis is an efficient alternative method for in vitro plant propagation over direct and indirect regeneration to develop true-to-type plants and also provides means of gene transfer to cells capable of inducing and regeneration of stable transgenic plants (Cabrera-Ponce et al. 1996; Maheswaran and Williams 1986; Ravishankar Rai and Mc Comb 2002) . Large-scale somatic embryo production in automated bioreactor can be useful for the production of medicinal raw materials for pharmacologically active components (Shin and Kim 2012) . In the present investigation, we report an efficient and reproducible plant regeneration protocol via somatic embryogenesis using leaf explants.
Materials and methods
Seeds of Citrullus colocynthis (L.) Schard were collected from Basar and Koonoor river valleys, Nizamabad and Warangal, Telangana State. The collected plants were maintained in green house. The young, healthy plants were raised under in vivo condition and different explants like leaf, stem and cotyledons were washed in running tap water for 30 min, the same were thoroughly rinsed with commercial detergent (labolene) for 4-5 times and then washed in running tap water. Under aseptic conditions, these explants were surface sterilized with 0.1 % aqueous mercuric chloride solution for 5 min, followed by 5-washings of sterilized double distilled water. The explants were cut into appropriate size (*1 cm 2 ) and placed on sterile nutrient medium. Murashige and Skoog's (1962) medium containing different concentrations of auxins, gibberellins such as 2,4-D, NAA and GA3 (0.5-2.5 mg L -1 ) were used for the initial embryonic callus induction. Approximately, 100 mg of callus was subcultured on MS medium containing 2,4-D, NAA and GA3 alone and in combination with cytokinin i.e., BAP (1.0-2.5 mg L -1) for induction and germination of somatic embryos. The media was supplemented with 3 % sucrose and pH of the media was adjusted to 5.6-5.8 prior to the addition of agar (0.8 % w/v). The medium was dispensed into culture tubes (15 ml/tube), plugged with non-absorbent cotton and autoclaved at 15 psi and 121°C for 15 min. Sterilized leaf explants were cultured on MS sterilized medium supplemented with various concentrations of auxins, gibberellin and cytokinin and incubated at 25 ± 1°C under a 16/8-h (light/dark) photoperiod provided by cool white fluorescent tubes (Crompton India Ltd.) with light intensity of 2000 Lux (Fig. 1) .
Histological study
Callus cultures of somatic embryos were used for histological study for callus bearing somatic embryos at different developmental stages were fixed in acetic acid: alcohol (1:3), then dehydrated in ethanol-xylol series, embedded in paraffin wax, sectioned at 10 lm thicknesses and stained with haematoxylin. Photographs were taken using a Nikon light microscope (Japan) and the percentage of different embryos was recorded in the Table 1 .
Results and discussion
Effect of GA 3 alone or in combination with BAP on induction of somatic embryos
The PGR influences somatic embryogenesis and plant regeneration, the frequency of somatic embryo induction depends upon different combinations and concentrations of growth regulators and photoperiod (Comlekcioglu et al. 2009 ). Gibberellic acid (GA 3 ) is necessary for the induction of somatic embryogenesis from leaf of Citrullus colocynthis. In the present experiment, the effect of GA 3 (0.5-2.5 mg L -1 ) was determined alone and in combination with different concentrations of BAP (1.0-2.5 mg L -1 ) with 30 explants for each treatment (Table 1 ; Fig. 2 ). All stages of embryo development, i.e., globular, heart, torpedo shaped and cotyledonary stage were observed on the compact embryogenic callus (Fig. 3f,  g ). In Citrullus colocynthis, GA 3 alone was effectively triggered the early embryo development, seed dormancy and did not supported the differentiation of embryogenesis, but along with combinations of BAP (1.5-2.5 mg L -1 ) gave the best results for embryo differentiation and elongation of regenerate shoots (Table 1 ; Fig. 3a-j) . The high frequency of somatic embryos was obtained from 19 % compact embryogenic callus on MS medium supplemented with 1.5 mg L -1
GA 3 . The -1 BAP ? 1.5 mg L -1 NAA. f, g Late heart and cotyledon shape embryos developed on surface of callus culture on MS medium supplemented with induced on MS ? 2.5 mg L -1 BAP ? 0.5 gibberellic acid (GA 3 ). h, i In vitro regenerated plantlet by somatic embryogenesis developed on MS basal medium. j Somatic embryoderived plantlet established in soil germinated embryos exhibited well developed shoots and roots on the basal medium within 3-4 weeks of cultures (Fig. 3h, i) . The positive effect of BAP and Kinetin has been reported in organogenic mode of shoot formation and elongation (Emmanuel et al. 2000) . The synergistic effect of cytokine and gibberellins in promoting the conversion of embryos to plantlets have been reported in a number of other species (Zlenko et al. 2002; Martin 2004; Paramageetham et al. 2004; Cangahuala Inocente et al. 2007; Junaid et al. 2007; Lakshmi et al. 2013 ).
Effect of NAA alone or in combination with BAP on induction of somatic embryos
In Citrullus colocynthis, the formation of callus depending upon the types of combination and concentration of auxins and cytokinins. The callus induction differs between genotypes and culture media with respect to the percentage of calli formed, morphology, frequency and type of embryogenic callus (Mohajer et al. 2012; Gonzalez et al. 2001) . Initially the leaf explants were cultured on MS media supplemented with 2.5 mg L -1 NAA that produced 63 % and few embryos (4-6) from green globular callus within 3-4 weeks ( Fig. 3a ; Table 1 ). The frequency of callus induction increased simultaneously with the concentration of NAA. The maximum amount of embryogenic callus was obtained on MS medium supplemented with 3.0 mg L -1 of NAA. Similar kind of somatic embryogenic studies and shoot regeneration induction was reported in cucumber leaves (Usman et al. 2011; Kim et al. 1988; Ali et al. 1991) . Then the small piece of primary globular embryogenic callus was subcultured on MS medium supplemented with 2.5 mg L -1 BAP ? 1.5 mg L -1 NAA for 3-5 weeks, which triggered to early embryos from 61 % globular embryogenic callus (Table 1) . Similar kind of results was reported by Gonzalez et al. (2001) in Triticum turgidum. The frequency of embryogenesis increased with the concentration of BAP from 0.5 up to 3.0 mg L -1 and then decreased with further increase in the concentration. Among the various concentrations tested, BAP at 2.5 mg L -1 was found to be the optimum concentration for the high frequency of embryogenesis (Table 1; Fig. 2) .
The green globular stage embryos were transferred to the light conditions for 2 weeks, on basal medium containing 3 % sucrose and 0.5 % (w/v) activated charcoal (AC) which resulted in a low frequency of 5-9 percentages embryos (Fig. 3d, e) . Further development of embryogenesis and plantlets formation was very less (3-5) after 6-8 weeks. Gradually, increase in the concentration of BAP and NAA, resulted in significant increase of somatic embryogenesis up to 16 % and regeneration capacity was optimal. High amount PGRs above 3.0 mg L -1 concentration decreased the embryogenesis and regeneration capacity.
Effect of 2,4-D alone or in combination with BAP on induction of somatic embryos
In general, 2,4-dichlorophenoxyacetic acid (PGR) is the most important plant growth regulator for initiation of somatic embryogenesis in melon species. The young leaf explants were excised from in vivo grown plants and used for induction of embryogenesis and organogenesis. Initially the leaf explants were cultured on MS medium supplemented with 0.5, 1.0, 1.5, 2.0 and 2.5 mg L -1 2,4-D in individual cultures. The leaf explant showed significantly faster growth on this culture medium and produced 72 % white friable with organized globular, protuberance embryogenic callus with fewer amounts of somatic embryos (4-11 %). Similarly, increase of 2,4-D concentration from 0.5 to 1.5 mg L -1 resulted in increase of embryogenic callus induction from leaf explants up to 85 % significantly when cultured for 2 weeks (Table 1) . The primary organized globular protuberances amounts of somatic embryogenic callus cultures were subcultured on MS medium containing 1.0 mg L (Fig. 3b, c) . Then the cultures were shifted into the dark conditions for 4-6 weeks, followed by 7 weeks under light condition which resulted in higher frequency of embryo development. Thus, higher frequency of embryo development takes place at intermittent light when compared with continuous light condition. Converted cotyledon and torpedo shape of embryos to complete plantlets were gradually moved to in vivo condition of the field (Figs. 3h-j, 4c, d ).
In the present study asynchronous development of somatic embryogenesis have been reported earlier in some melon species like Cucumis melo (Akasaka Kennedy et al. 2004; Rhimi et al. 2006; Kageyama et al. 1991) . Several other investigators have been reported somatic embryogenesis and plant regeneration studies from various explants of cucurbitaceous species like Cucurbita pepo and Cucurbita moschata (Noel et al. 1992; Usman et al. 2011) .
Germination of somatic embryos and its conversion into regenerated plantlets were crucial steps for the successful plant regeneration. The regenerated plantlets, with well developed roots were washed to remove agar and then transferred to the pots containing garden soil mixed with sterile vermiculite and sand (2:1:1). Each pot was enclosed in a polyethylene bag to maintain humidity and placed in a growth chamber at 25°C under 16 h illuminations (45 lmol m -2 s -1 ) with fluorescent lamps. Bags were progressively opened weekly. After three weeks of acclimatization, plantlets were transferred to the field (Figs. 2, 3c , g-j; Table 1 ).
Microscopic study
Embryogenic callus tissue sections were revealed that the different types of somatic embryos appeared under the light microscope (Nikon) such as nodular, globular, heart, torpedo shaped and cotyledonary stage embryo development. The first sign of embryogenesis was marked by the appearance of globular and nodular structures that was attached to the surface of the callus tissue by a distinct stalk (Fig. 4a, b) . Some of the callus tissues were showed bilaterally symmetrical heart-shape embryos (Fig. 4c, d ). At this stage, the development of clear bipolar embryos with organized shoot and root portion was observed (Fig. 4c) . At the same time, cotyledonary-stage and torpedo stage embryos were also clearly shown bipolar embryos with organized shoot and root portion on surface of embryogenic callus (Fig. 4d) .
Conclusions
An efficient and successful plant regeneration protocol was developed via somatic embryogenesis from leaf derived callus of Citrullus colocynthis. The present study showed that, callus induction and somatic embryogenesis were strongly affected by plant growth regulators and culture conditions. The medium containing both auxin and cytokinin was capable of inducing the formation of somatic embryogenesis but differences were observed based on the type and concentration of plant growth regulators. The protocol could facilitate generation of true-to-type plants and allow high-throughput functional genomics study through generation of stable transgenic plants from transformed somatic embryos. Fig. 4 Histology of somatic embryos developed on surface of callus culture of Citrullus colocynthis. a, b Longitudinal sections shown many types of early stages embryos development on the surface of the callus. a Blue color arrows indicate early globular embryo and red color arrow indicate cotyledonary and hear shaped embryo. b Arrows, globular; early heart shaped embryo; down arrow indicate tadpole shaped embryo. c Longitudinal section of late heart-shaped embryo. d Longitudinal section callus shown tadpole shaped and early heart shaped embryos (color figure online) 
